Bertelloni F, Salvadori C, Moni A, Cerri D, Mani P, Ebani VV. Antimicrobial resistance in Enterococcus spp. isolated from laying hens of backyard poultry flocks. Ann Agric Environ Med. 2015; 22(4): 665-669. doi: 10.5604/12321966.1185771 Abstract Introduction and objective. Enterococci belonging to human and animal gastrointestinal flora are widely-distributed in the environment. They are opportunistic bacteria that can cause severe infections, with the ability to acquire, express and transfer antimicrobial resistance. The aim of the present study was to investigate antimicrobial resistance profiles of Enterococcus spp. strains isolated from cloacal swabs of laying hens of small backyard flocks. Materials and methods. Susceptibility to 21 antimicrobial agents was tested by the disc diffusion method in 115 Enterococcus spp. strains. Vancomycin and ampicillin minimum inhibitory concentrations and high-level aminoglycoside resistance tests were also performed. Results. Isolates showed resistance mainly to aminoglycosides, eritromycin, fluoroquinoles, tetracycline and nitrofurantoin. 19 (16.5%) isolates showed a high level of resistance to streptomycin, but no high level resistance to gentamycin. No significant resistance was detected for vancomycin. Several strains (45; 39.1%) showed combined resistance to macrolides, lincosamides and streptogramin B. 61 (53%) isolates were classified as multidrug-resistant (MDR) and 6 (5.2%) strains as possibly extensively drug-resistant (XDR). E. faecium was the most prevalent antimicrobial resistant species, followed by E. faecalis and E. durans. Conclusions. The results show that the risk of dissemination of antimicrobial resistant enterococci is related not only to the birds of large commercial flocks, but also to the birds of small backyard flocks. Thus, laying hens of hobby flocks, which share the outside environment with people, could represent a hazard for public health by providing a conduit for the entrance of resistance genes into the community.
INTRODUCTION
Enterococci (genus Enterococcus) belong to the gastrointestinal flora of humans and animals and are widely distributed in the environment, such as terrestrial and water habitats [1] . As residents of the human and animal gastrointestinal tract, enterococci bring numerous benefits, such as probiotic activity and bacteriocins production. However, enterococci have raised research interests due to their pathogen role as opportunistic bacteria that can cause severe human infections, mainly as nosocomial infections, and for their strong ability to acquire, express and transfer antimicrobial resistance [1, 2] . In the gastrointestinal habitat, enterococci are in a suitable position to acquire resistance genes from other commensals, which may further transfer to other more pathogenic bacteria [3] . The clinically most important species in human beings are E. faecalis and E. faecium that can be involved in urinary tract infections, endocarditis, wound infections, sepsis and neonatal infections [4, 5] . E. faecalis is the most pathogenic species and E. faecium and is the most involved in the acquisition and transfer of antimicrobial resistance [5] .
The mechanism for antibiotic resistance can be intrinsic to enterococci or acquired through mutations of intrinsic genes, or horizontal exchange of genetic elements encoding resistance determinants [6] . The latter mechanism is the most important in the antimicrobial resistance of enterococci, and involves mobile genetic elements such as plasmids and transposons [3] .
Enterococci are involved also as etiological agents of infections in veterinary medicine, such as mastitis in cattle, diarrhea in swine and cattle, as well as endocarditis, septicemia, spondylitis, and amyloid arthropathy in poultry [7, 8] .
Humans can be colonized or infected with resistant enterococci through close contact with animals or through consumption of animal products [9, 10] .
The presence of multidrug resistant enterococci has been detected worldwide on poultry farms in Australia [11] , Canada [12, 13] and Malaysia [14] , as well as in Europe: e.g., Sweden [15] , Denmark [16] , France [17] , the Czech Republic [18] and Lithuania [8] . Continual and careful monitoring programmes are necessary to obtain data on the occurrence and trends in antimicrobial resistance, and consequently, for establishing intervention strategies [19] .
The health status of backyard poultry flocks is generally poorly investigated. In particular, studies on the dissemination of multidrug resistant enterococci among commercial poultry have been carried out, but to the best of the authors'r knowledge no data are available about this concern in hobby poultry.
The aim of the presented study was to investigate the antimicrobial resistance profiles of Enterococcus spp. strains isolated from cloacal swabs of laying hens of small backyard poultry flocks.
MATERIALS AND METHOD
Sampling. 157 cloacal swabs were collected from healthy laying hens of 24 different hobby poultry flocks in the Massa Carrara province of central Italy. The birds were geographically separated with no transfer between farms. Backyard flocks were characterized by a small number of raised animals (10- 
Minimum inhibitory concentration (MIC).
MIC for vancomicin and ampicillin were performed on microplates [23] . Concentrations from 0.5 -256 μg/mL were used to test vancomicin MIC, and concentrations 8 -256 μg/mL were used for MIC of ampicillin. Microplates were incubated at 37±1 °C in a humid chamber.
High level aminoglycoside resistance (HLAR).
As indicated by CLSI Performance Standards for antimicrobial susceptibility tests, isolates that showed resistance to gentamicin and/or streptomycin by the disc diffusion method, were tested for resistance to high concentration of gentamicin (500 µg/mL) and streptomycin (1,000 µg/mL) [23] .
Classification of acquired resistance. To classify isolated strains for expression of acquired resistance, the standardized international terminology proposed by Magiorakos et al., 2012 [24] has been used in this study. For enterococci, aminoglycosides, carbapenems, f luoroquinolones, glycopeptides, glycylcyclines, lipopeptides, oxazolidinones, penicillins, streptogramins and tetracycline categories should be tested. Criteria for defining acquired resistance are: multidrug-resistant (MDR) strain when it is non-susceptible to ≥1 agent in ≥3 antimicrobial categories; extensively drugresistant (XDR) strain when it is non-susceptible to ≥1 agent in all but ≤ 2 categories; and pandrug-resistant (PDR) strain when it is non-susceptible to all antimicrobial agents listed.
Since not all proposed molecules were tested in this study, only MDR or possibly XDR strains could be detected.
Species identification.
Enterococcus spp. isolates classified as MDR or possibly XDR was examined for species identification with API 20 STREP (Bio Mérieux Italia, Bagno a Ripoli, Fi, Italy). Apiweb V 1.1.0 software was used as interpretative criteria.
RESULTS

Bacterial isolation. 115 Enterococcus isolates were obtained from 157 cloacal swabs.
Antimicrobial susceptibility testing -Disc diffusion method. All 115 isolaters were tested for antimicrobial susceptibility with the disc diffusion method; results shown on Table 1 . All isolates were not susceptible to oxacillin and most of them were not susceptible to cephalothin (86.9%) and trimethoprim (95.7%). Moreover, isolates were more frequently non-susceptible to the aminoglycosides category (100% of isolates were non-susceptible to neomycin and 93% were non-susceptible to streptomycin), macrolides (87.8% of isolates were non-susceptible to erythromycin), fluoroquinolones (86.1% of isolates were non-susceptible to enrofloxacin) and lincosamides (81.7% of isolates were nonsusceptible to clindamycin). Over half of the isolates were non-susceptible to ciprofloxacin (70.4%), tetracycline (65.2%), gentamicin (60%) and quinupristin-dalfopristin (53.9%). A moderate resistance was evident for nitrofurantoin (48.7%), ampicillin (29.6%), tigecycline (26.1%), rifampicin (22.6%) and chloramphenicol (19.1%). Only a limited number of isolates were not susceptible to glycopeptides (vancomycin 10% and teicoplanin 11%) and to association of amoxicillinclavulanic acid (13%).
A total of 101 resistance patterns were identified and all Enterococcus spp. isolates were resistant to at least 2 different categories of antibiotics, with 106 (92.17%) isolates being resistant to 5 or more antibiotics. Two isolates were susceptible only to vancomycin, one isolate was susceptible only to ampicillin and to amoxicillin-clavulanic acid, 6 isolates were susceptible only to 3 tested molecules, and 9 isolates were susceptible to 4 tested antibiotic molecules. 
Minimum inhibitory concentration (MIC
DISCUSSION
In this study, expression of antimicrobial resistance was evaluated on strains of Enterococcus spp. isolated from cloacal swabs collected from laying hens raised in small backyard flocks.
As expected, almost all isolates showed resistance to oxacillin, cephalothin, and trimethoprim because of intrinsic resistance to these molecules [6] that were not considered for the evaluation of resistance patterns. Indeed, 101 resistance patterns were identified. This high variability could be related to the high number of tested molecules; however, high variability has been frequently found in other studies performed on poultry enterococci [12, 13] . Most of the isolates showed a resistance to aminoglycoside molecules, particularly neomycin (100% of isolates) and streptomycin (93% of isolates). However, enterococci are intrinsically resistant to clinically achievable concentrations of aminoglycosides due to inability to enter the cell (E. faecalis), and for enzyme-mediated resistance or stericallyhindered ribosome target site (E. faecium). Intrinsic high level resistance to neither gentamicin nor streptomycin has been described in enterococci [6] .
HLAR has been tested on all isolates that showed a no-susceptible phenotype in the Kirby-Bauer test for streptomycin and/or gentamycin. 19 isolates showed an HLAR to streptomycin, but high level resistance to gentamycin was not observed. In the absence of HLAR, enterococci with lower resistance to cell wall active agents, such as penicillin or ampicillin, may be susceptible to synergistic killing of aminoglycoside-penicillin combination therapy [6, 23] .
Regarding erythromycin, 87.8% of isolates was nosusceptible, similar to other studies on enterococci isolated from turkeys [18] and broiler chickens [8, 11, 12, 13, 16, 17] . Also in the report of European Food Safety Authorities regarding years 2005-2011, macrolide resistance was the most frequently observed in poultry enterococci [19] . Cross-resistance among macrolide-lincosamide-streptogramin (MLS B resistance) is well characterized in enterococci and 3 mechanisms of acquired resistance have been described: methylation of 23S rRNA, active efflux or inactivating enzymes [6, 18] . In the current study, 45 isolates showed a concomitant resistance to erythromycin, clindamycin and quinupristin-dalfopristin, suggesting an acquired MLS B resistance.
Diffuse resistance was detected to fluoroquinolones: 86.1% of isolates were non-susceptible to enrofloxacin and 70.4% were non-susceptible to ciprofloxacin. Fluoroquinoles have been introduced on a large scale in veterinary therapy in recent years, leading to a high prevalence of resistant enterococcal isolates in certain animal groups [8] .
Resistance to tetracycline has been detected in 65.2% of isolated strains. Tetracycline resistance has an importance due to its association with other antimicrobial molecules resistances [4] .
In agreement with other authors [16] , moderate resistance was observed to rifampicin and chloramphenicol, but these molecules are poorly used in the treatment of Enterococcus infections [6] .
Moderate resistance was observed for linezolid and tigecycline. The mechanisms of tigecycline resistance are unknown, whereas linezolid resistance can be mediated by mutation or an acquired gene that can be transferred from staphylococci to enterococci [6] .
Glycopeptide resistance, mainly to vancomycin, has raised much research interest during last 25 years, because vancomycin is considered a drug of 'last resort' in human medicine for the treatment of infections by multi-resistant [25] . 61 of the isolates in the current were classified as MDR, and 6 as possibly XDR bacteria. The strains have been identified as E. faecium, E. faecalis and E. durans, all potential pathogens for humans [1] . E. faecium strains are usually hostspecific, but this species could act as a very efficient donor of antimicrobial resistance genes to other enterococci, or more pathogenic bacteria, as well as between different hosts. The same clonal multidrug resistant E. faecalis strains have been detected in animals and humans affected by sepsis and endocarditis, suggesting a direct risk of infection from animal to humans [26] .
CONCLUSIONS
The presence of multidrug resistant enterococci in hobby poultry flocks could represent a hazard for public health, considering the close contact between humans and animals. Contamination of the environment and human furniture with the faeces of poultry harbouring resistant enterococci is a risk for all members of the farm family, including children and elders, providing a conduit for the entrance of resistance genes into the community where further transmission is possible.
Backyard poultry flocks have more risk factors compared to commercial ones. Hens and broilers, kept for personal consumption of eggs and meat, usually share the same outside environment with their owners. Moreover, eggs from hobby poultry are not submitted to dipping, thus faeces contamination of shells may facilitate enterococci infection of consumers.
Backyard poultry could be a source of infection also for other domestic animals, such as dogs, cat or pigeons, that can further infect humans or amplify the distribution of resistant strains in the environment.
In conclusion, the presented study, although performed in a restricted geographical area and on a limited number of birds, contribute to the verification of the presence of multi-drug resistant enterococci in the environment, and determination of their antimicrobial resistance profiles. The obtained results underline that not only commercially-kept poultry, but also backyard birds could have an epidemiological role in the amplification and transmission of antimicrobial resistant bacteria.
